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ABSTRACT 



A system and method for assigning channelization 
(spreading) codes in CDMA communication networks using 
spread spectrum modulation techniques such that a mini- 
mum number of spreading codes are assigned by using an 
optimal codeword. A system codeword of a predetermined 
weight representing spreading codes for different spreading 
factors in the spread spectrum communication system is 
used, in conjunction with a user defined weight, to determine 
the optimal codeword such that a minimum number of 
spreading codes are assigned therewith. 

19 Claims, 7 Drawing Sheets 
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CODE MANAGEMENT SYSTEM AND 
METHOD FOR CDMA COMMUNICATION 
NETWORKS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to mobile wireless com- 
munication networks such as cellular telephone networks. 
More specifically, the present invention relates to a system 10 
and method for managing assignment of spreading codes 
used in a mobile cellular or wireless communication system 
using spread spectrum communication technology. The 
invention is useful for is systems providing different data 
rates (e.g., data services and voice users). is 

2, Description of the Related Art 

The following references, incorporated by reference 
herein in their entireties, are helpful to an understanding of 
the principles of spread spectrum communications: (1) E. 
Dahlman and K. Jamal, "Wide-band services in a 20 
DS-CDMA Based FPLMTS System," IEEE VTC 1996, pp. 
1656-1660; (2) ETSI SMG2, "The ETSI UMTS Terrestrial 
Radio Access (UTRA) ITU-RTT Candidate Submission," 
May/June 1998; (3) K. S. Gilhousen, "System and Method 
For Orthogonal Spread Spectrum Sequence Generation in 2 s 
Variable Data Rate Systems," U.S. Pat. No. 5,751,761, May 
1998; and (4) Otani, "Smooth Spectrum Spreading with a 
Small Spreading Factor," U.S. Pat. No. 5,530,717, June, 
1996. 

Code Division Multiple Access (CDMA), also called 30 
Spread Spectrum (SS), is a technique for increasing the 
number of users or mobile stations that may be accommo- 
dated in a wireless communication system, such as a digital 
cellular phone service. There are three general categories of 
CDMA: Frequency hopping, direct sequence, and time 
scrambling. Direct Sequence (DS) CDMA is one of the 35 
potential multiple access candidates for an advanced com- 
munication system such as the IMT-2000 system which 
supports high-data-rate services and variable-bit-rate 
services, such as speech. For example, the variable -bit-rate 
service of the DS-CDMA based IMT-2000 system is sup- 40 
ported by way of multi-code transmission or single-code 
transmission using a variable spreading factor (VSF). Ref- 
erence (4) describes a DS-CDMA system. 

In reference (1), Dahlman, et al. compared multi-code 
transmission and single-code transmission using a variable 45 
spreading factor to implement variable -bit-rate services in a 
DS-CDMA based system. In particular, the performance, 
complexity, and flexibility of the two transmission methods 
were studied. The study concluded that single-code trans- 
mission with variable spreading factors allows for simpler 50 
implementation of variable-rate services and is preferred 
from a complexity point-of-view. On the other hand, multi- 
code transmission, which uses orthogonal codes for different 
connections on the forward link (downlink), is preferred 
from a capacity point-of-view. As a result, Dahlman, et al. 
recognized benefits of using a hybrid solution wherein 55 
multi-code transmission is used on the forward link and 
single-code transmission with variable spreading factors is 
used on the reverse link (uplink). 

In reference (2), ETSI SMG2 submitted a universal 
mobile telecommunication system (UMTS) terrestrial radio 60 
access (TRA) proposal to ITU as a candidate radio trans- 
mission technology (RTT) solution for IMT-2000. Orthogo- 
nal variable spreading factor (OVSF) codes are used as 
channelization (spreading) codes to distinguish between 
channels. OVSF codes can preserve the orthogonality 65 
between channels of different rates using different spreading 
factors. 
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Reference (3) proposed a method for allocating a set of 
orthogonal pseudo-noise (EN) code sequences of variable 
length among user channels operative at different data rates 
in a spread spectrum system. Orthogonal Walsh codes of 
variable length are employed to modulate the information 
signals. The code assignment is made on the basis of channel 
data rates in a manner that results in an improved utilization 
of the available frequency spectrum. In particular, Gilhousen 
proposed an ASSIGNED list and a BUSY list to handle the 
code assignment process. However, Gilhousen did not 
present efficient and optimal methods to handle the code. 

Conventional spreading/modulation units in a CDMA 
system are illustrated in FIGS. 1 and 2, and the generation 
of OVSF codes is illustrated in FIG. 3. 

In a CDMA system, each cell site (base station) has many 
modulator-demodulator units. Each modulator-demodulator 
unit at the base station is assigned to a mobile station as 
needed to provide a communication path between the base 
station and the mobile station. Examples of spreading/ 
modulation units for downlink and uplink channels are 
discussed in reference (2) and shown in FIGS. 1 and 2, 
respectively. 

FIG. 1 shows a spreading/modulation unit 10 having a 
channel 12 constituting a dedicated physical data channel 
(DPDCH) for carrying data generated at a second layer and 
a dedicated physical control channel (DPCCH) for carrying 
control information generated at a first layer. P(t) is a pulse 
shaping filter (root raised cosine, roll-off 0.22). A total 
number of bits per DPDCH/DPCCH channel determines a 
spreading factor (SF) used in the spreading/modulating unit 
10. Each spreading factor corresponds to a fixed data rate 
requested by a user (e.g., different rates for data services or 
for voice users) and, e.g., may range from 4 to 256 in 
accordance with 256/?* wherein k ranges from 0 to 6. 

FIG. 2 illustrates a spreading/modulating unit 20 having 
a DPDCH channel 22 and a DPCCH channel 24. Data 
modulation is based on dual-channel quadrature phase shift 
keying (QPSK), where the channels DPDCH and DPCCH 
are mapped to the I and Q channels, respectively. Data in the 
I and Q channels are spread to the chip rate with two 
different channelization codes C^, and C c , and subsequently 
complex-scrambled by a mobile-station specific complex 
scrambling code C scramb and optionally another scrambling 
code C n scramb . P(t) is a pulse shaping filter (root raised 
cosine , roll-off 0.22). 

OVSF codes as disclosed in reference [2] can be used as 
channelization codes C^ and C c to preserve mutual non- 
interference among channels of different rates and different 
spreading factors. In particular, rate sets supported by the 
OVSF codes can be summarized as follows: a code with 
SF«i can support a basic rate of 256/i R 0 (e.g., a code with 
SF-256 can support a basic rate R 0 , a code with SF-128 can 
support a basic rate 2R 0 , and a code with SF«64 can support 
a basic rate 4Rq), and so on, noting that a maximum number 
of basic rate users supported by the system is 256. Rq is a 
predetermined basic rate defined by the system. A code tree 
defining the OVSF codes is shown in FIG. 3. 

In FIG. 3, each level in the code tree defines channeliza- 
tion codes of length spread factor (i.e., SF-1 in level 1, SF«2 
in level 2, and SF=4 in level 3). Not all codes within the code 
tree can be used simultaneously within one cell. A code can 
be used in a cell if and only if no other code on the path from 
the specific code to the root of the tree or in the subtree 
below the specific code is used in the same cell. This means 
that the number of available channelization codes is not 
fixed but depends on the data rate and spread factor of each 
physical channel. 

Random assignment of large-SF codes to low data rate 
(high spread factor) channels may preclude the use of a large 
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number of small-SF codes, thus inefficiently limiting the of available codes for SF-(4, 8, 16, 32, 64, 128, 256), 

number of remaining codes. respectively, where a 2 ^4, a 2 ^8, a^ie, a 4 ^32, a 5 ^64, 

Despite the fact that the code is a valuable resource in a a e= 128 » a 7 ^256. From the properties of OVSF codes, one 

CDMA system, none of the references discussed above- ^ ca ° be decomposed into m codes with 

discloses an optimal code assigning algorithm to provide an 5 n ' T ere m ° 2 • n " 2f \ ^ l > M 2 >. 3 » 4 > 5 > 6 » 7 » 8 }- 

efficient and optimal method for allocating spreading codes, S? we * VC1 l me cod f ^ onvers f° n process is not reversible 

reducing the complexity of the code assignment process, and ™ at ll - may not * ^ k comhiM m codes with 

imorovine svstem utilization SF-m*n into a single<ode with SF-n. For example, as 

improving system utilization. shoWQ m tQe code ^ of nG ^ Q ^ can be decomposed 

SUMMARY OF THE INVENTION ™ i0 two codes &- 1 and . however, two codes C 4>a and 

10 C 43 are not able to be combined mto one code. The 

In view of the foregoing disadvantages with the prior art non-reversible property of the OVSF code-conversion may 

techniques, it is an object of the present invention to provide result in different system utilization due to different code 

an improved system and method for managing assignments assignment algorithms. 

of spreading codes according to variable data rates requested A codeword C-(a lf a^ a 3 , a 4 , a 5 , a 6 , a 7 ) is said to be 
by users such that a minimum number of spreading codes are 15 irreducible if all of the large-SF codes in the codeword can 
assigned by way of an optimal codeword. Users operative at not be further combined into small-SF codes. The irreduc- 
a particular data rate are assigned to closely related codes so ible codeword reflects the current status of the code assign- 
as to minimize the number of small-SF codes being marked ment. The irreducible codeword is used throughout the 
as unavailable. present invention. 

The present invention is directed to a code-assignment 20 Here, ^ weight W(C) of a codeword C is defined by 

system and method for managing either multi-code or w(C)^ 1 -2 B + a 2 -2 s +a3 .2 4 +a 4 .2 3 +a 5 -2 2 + a 6 -2 1 +a 7 . (i) 

single-code transmission in, e.g., a wideband CD MA system _ 

using OVSF codes. The present invention achieves the T wo codewords c i and C 2 are said to be equivalent if 

above object by establishing a system codeword to represent |^ eir , w^ghte w ( c i) and w (Cz) are equal. For example, 

available spreading codes that can be used in a spread „ c i"(l> °» °> °» °> °» °) and C 2"(°» 2 > °» °> 0> 0> 0) are 

spectrum communication system, determining an optimal equivalent because W(C 1 )=W(C 2 )o64. In the present 

codeword based on a user defined weight and the system invention, the weight of a codeword represents the maxi- 

codeword, and assigning spreading codes based on the mum number of users that can be supported by the system 

optimal codeword " eacn USCT requests only the basic rate. 

Other features "and advantages of the invention will T^V^f S(n) V "* ° f e< J uivaleDt 

becomeapparentuponreferenceTothefollowingdescription 30 * e ^hT^ 

rt f iho / m u a- 4 u ■ • i' «. £ , i In a set of codewords which have the same weight, a 

oi the preferred embodunents, when read m light of the • n a a a j t , • « 

attached drawings codeword is called a good codeword if it contains the 

s ' maximum number of codes that has the lowest-valued SF 

BRIEF DESCRIPTION OF THE DRAWINGS amon S the code For example, 0(0, 0, 0, 4, 0, 1, 1) is 

35 the good codeword in a code set T(35)«{(0, 0, 0, 2, 3, 1, 5), 

In the attached drawings: (0, 0, 0, 2, 3, 2, 3), (0, 0, 0, 3, 1, 1, 5), (0, 0, 0, 3, 1, 2, 3), 

FIG. 1 is an illustration of a prior art spreading/ (°> °> °» 4 » °» !>)}» whe re T(35) is a subset of S(35) (i.e. 

modulation unit for downlink channels; T(35)<=S(35)); 

FIG. 2 is an illustration of a prior art spreading/ In the p 5 esent mve £ nt i°^ a system codeword is used to 

modulation unit for uplink channels; 40 f e P resent the status of me mailable codes that can be used 

"rr/"' i • -11 * c • j - °y a system. The code-assigning algorithm is used to find 

i * ™ of a pnor art code toe for suita51e codes for a meT * uch * h * the resultin 

" 8 n 8 Spreadmg faCt ° r COdCS; codeword after code assignment procedure supports a 

FIG. 4 illustrates an embodiment of the code assignment maximum number of possible combinations of data rates. 

system and method of the present invention; For example, both of the codewords 0^(1, 0, 0, 0, 0, 0, 0) 

FIG. 5 illustrates an alternative embodiment of the code 45 and C 2 «(0, 2, 0, 0, 0, 0, 0), resulting from tie code 

assignment system and method of the present invention; assignment algorithms A a and A^ respectively, can support 

FIG. 6 is a block signal flow diagram which illustrates the an a SS re g ate data rate U P to 64-R 0 . Both C x and C 2 can 

operation of the code assignment system & method FIG. 4; support two users each of whom require a data rate 32-Rq. 

and However, only C ± can support a user who requires a data rate 

FIG. 7 is a block signal flow diagram which illustrates the 50 ^5^° u**' A i j? op1 * nal *f algorithm 

operation of the alternative code assignment system and ^ *e above definition, it can be found that each 

method of FIG 5 codeword m any given code set T(n) is resulting from a 

code-assigning algorithm. Initially, the system does not 

DESCRIPTION OF THE PREFERRED accommodate any user, and it has the initial codeword of 

EMBODIMENTS 55 C o"( 4 » °» °> °» °. °> °)- B y defining C g ^ l9 a 2 , ^ a 4 , a 5 , a 6 , 

. . J . a?) with weight m to be the system codeword observed at 

The present invention is directed to a system and method time t (i.e. W(Q-m), and considering a new user who 

for managing assignments of spreading codes according to requests a data rate of n*R 0 , the objective of the code 

a data rate requested by a user, wherein a minimum number assignment is to determine a codeword C ^H^i, b 2 , b 3 , b 4 , 

of spreading codes are assigned by using an optimal code- b 5 , b tf , b 7 ) from S(n) for the user such thaf C/«( a A a-', aV, 

word. FIG. 4 illustrates an exemplary embodiment of the *o ^ ^ 9 ^ t a? .) is the optimal codeword in the possible code 

present invention using a codeword-table derived from a set T(m-n) after the assignment, where T(m-n) c S(m-n). 

multi-code assignment algorithm as discussed below. The number of codes required in this code assignment 

In the multi-code assignment algorithm of the present algorithm, denoted by b, can be calculated by b 1 «b 1 +b 2 + 

invention; an ordered pair C is used to represent the avail- b 3 +b 4 +b 5 +b 6 +b 7 , b^k, where k is the maximum number of 

able spreading codes held by the system for the different 65 allowable codes that could be used by a user. Let us first 

values of spread factor. C is herein denominated a codeword. attempt to determine the optimal code-assigning algorithm 

For instance, C-(a a , a^ a 3 , a 4 , a 5 , a 6 , a 7 ) denotes the number while assuming that the value of k is not limited (i.e. k-«>). 
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Two codewords C^i, *3, a 5 , a 6 , a ?) and C^i. codeword C-C 3 «(0, 0 0. 0, 0, 2, 2). It can be found that the 

b 2 , b 3 , b 4 , b 5 , b 6 , b 7 ) are said to be equal, denoted by C^Q, resulting codes after assignment are similar in the cases 

if and only if a -b^ illustrated in FIGS. 4 and 5. FIG. 4 is the optimal code 

are said to be identical if their codewords are equal. The . 4 . ri „ . . . . , . 

subtractionoftwocodewordsisdefinedasthesubtractionof 5 «»« nment ™* FIG - 5 15 an alternative code assignment 

the individual code. The subtraction is done code-by-code wmch results m the same S ood codeword but requires more 

individually from right to left. In the subtraction, one code codes tnan the optimal code assignment does. In this 

with code-number n of SF=k can be split into two codes with example, C lt C 2 , C 3 are possible candidates for the alterna- 

code numbers 2n-l and 2n of SF=2k. For example, the tive code assignment. In FIG. 5, it can be found that one 

status of the system at time t can be represented in terms of code ^ cod e.number n (i.e. n-7in the example) of SF=k 

a codeword C,o(0, 0, 0, 0, 2, 1, 3) with weight 13. v za - >u i \ ■ v, • , . ^ 

Considering a case in which n-6 and k-oo S let us attempt ^ K = 6 * m ^ s Pj* into two codes with 

to find the equivalent code set S(n) for n-6: code-numbers 2n-l and 2n (i.e. 13, 14, in the example) of 

SFo2k. 

{Ci, c 2 , c 3 , c 4 , c s> c 6 } (2) of the present invention. First, a system codeword 61 

establishing unit 60 establishes a system codeword of a 

Therefore, the possible code set after the assignment predetermined weight representing available spreading 

should have a weight of 7 (i.e. 13-6). The resulting code set codes for different spreading factors in the spread spectrum 

T(7) can be obtained by system. Thereafter, an optimal codeword determining unit 

ni\irrrrrrrrrr 63 determines an optimal codeword 64 based on a weight 62 

iTi^ \o , ^ri; ^i^^a of * ^cto: St £ 2: J; and the system codeword 61 FinaUy > a spreading code 

i), (o, o, 0, i, o, 3), (0, 0, 0, o, i, o, 3)} (3) assigning unit 67 assigns optimal spreading codes 68 based 

on the optimal codeword 64. 

Here, N(C)by ^ operation of the code assigning system shown in FIG. 

NiQ-awa^+awa? (4) 7 15 Sim ^ t0 lDat Sh0Wn m RG * 6 ' eXCe P l the °P timal 

codeword 64 is provided to an alternative codeword gener- 

where N(Q is the required number of spreading codes for atin g umt which outputs an alternative codeword 66 and 

transmitting a codeword Ofo, a 2 , a 3 , a 4 , a 5 , a 6 , a 7 ). the alternative spreading code assigning unit 67 chooses one 

According to the definition used herein, {C x , C 2 , C 3 , C 4 } is 30 °f tne alternative codewords to assign alternative spreading 

the set of codewords that can result in a good codeword and codes 68. 

N(C!)=6, N(C 2 )=5, N(C 3 )=4, and N(C 4 )=3, respectively. In In the present invention, the maximum number of codes 

the DS-CDMA system, the increased number of required that can be supported by a mobile station, denoted as k, is 

codes for a user may result in an increased system com- limited. Therefore, the following two regions are consid- 

plexity. Therefore, an optimal code assignment is the one 35 ered: 

that results in a good codeword and has a minimum N(C). Region I N(C )^k* 

In the example, the optimal multi-code assignment is C mt = ^, j ^ * j . r i 

C 4 . That is" one code with SF-64 and too codes #th . ^P^^^f^^^tk^ys^^ 

SF-256 can be selected from our table for assignment to the ™ ttus J^™' T", P r0C * durc 

user & 4Q above can still be used and the selected codeword OC^,. 

Generally, there are several types of code assignments Region II. N(C C!pl )>k: 

(i.e. C„ C 2 , C 3 , C 4 ) that may result in the same system In this case, the optimal code assignment may not be 

codeword and the same performance. In general it is not achieved in this region, and the selected codeword C is the 

feasible to examine all of the possible codewords from the one where N(C)«k. In some cases, the new call request will 

equivalent code set S(n) as illustrated above, especially for 45 be blocked if the system cannot support the requested data 

large n. It is also a time-consuming process to find the rate with the given number of codes, 

resulting code set T(m-n) by subtraction of the codewords While particular embodiments of the present invention 

individually. Accordingly, another embodiment of the have been shown and described, it will be apparent to those 

present invention includes a fast code-assigning algorithm skilled in the art that various changes and modifications may 

for finding the optimal codeword C opr> which is given by 5Q be made therein without departing from the spirit or scope 

c^ ( -(C ( -(0, 0> o, o,o,o, n) ) (5 ) ° f th ° j?™* 00 - Accordingly, it is intended that the 

w appended claims cover such changes and modifications that 

where u-Rq is the data rate requested by the user. In the come ^ s P^ il and sco P G of me invention, 

above example, C -(0, 0, 0, 0, 2, 1, 3), n-6, and C,-(0, 0, 0, What * claimed & 

0. 0. 0, 6)-(0, 0, 0, 0, 1, 1, 1). Therefore, C opr (Q, 0, 0, 0, 2, 55 L A assigning system for use in a spread spectrum 

1, 3)-(0, 0, 0, 0, 1, 1, l)-(0, 0, 0, 0, 1, 0, 2)-C 4 . In a communication network, said code assigning system corn- 
particular implementation, the multi-code assignment algo- prising: 

rithm would maintain a list of available codes. When a means for establishing a system codeword representing 

request for channel codes is made, the number of codes of available din ^ for different di fe 

d^XWtftetDTK^ to support the user's data rate 60 tore in ^ d „ commxinic ^ on sys f em; 
can be identified by the multi-code assignment algorithm of 

this invention. Upon identification of codes of suitable mean f for delerminin g «n optimal codeword based on a 

spread factor, the base station will assign the codes from the weight and said system codeword, wherein said weight 

table. An implementation of the method using a codeword relates to a desired communication data rate requested 

table for the example discussed above is illustrated in FIG. 65 of said communication network; and 

4. An alternative of the assignment is illustrated in FIG. 5, means for assigning optimal spreading codes based on 

in which the C^ f (i.e. C 4 ) is replaced by an alternative said optimal codeword. 
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2. The system of claim 1, wherein said optimal codeword 12. A code assigning method for use in a spread spectrum 
is established as follows: communication network, said method comprising the steps 

of: 

Q«=C,-(C,-(0,0,0,0,0,0,n)) 

establishing a system codeword to represent available 

where C^, represents said optimal codeword, 5 spreading code for different spreading factors for use in 

n represents said weight, and spread spectrum communication system; 

C, represents said system codeword at time t. determining an optimal codeword based on a weight and 

3. The system of claim 1, wherein said means for deter- said system codeword, wherein said weight relates to a 
mining an optimal codeword selects said optimal codeword desired communication data rate requested of said 
from a set of equivalent codewords each having said weight communication network; and 

4. The system of claim 3, wherein said optimal codeword 

has a minimum required number of spreading codes in said assigning optimal spreading codes based on said optimal 

equivalent codewords. codeword. 

5. The system of claim 4, wherein said required number 13- The method of claim 12, wherein said determining 
of spreading codes is established as follows: 15 step is calculated as follows: 

Ni^y+a^+a^+a^+a-, C op ^C r (C,-(0,0AW^)) 

where N(C) represents said code number, „ . , . 

n , x ♦ j » j where C„. represents said optimal codeword, 

^( a i» a 2> a 3> a 4» a s> a e> a 7) represents said required 20 

number of spreading codes, and n represents said weight, and 

a a -a 7 each represents a number of available said spread- C f represents said system codeword at time t. 

ing codes for said different spreading factors. 14. The method of claim 12, wherein lengths of said 

6. The system of claim 5, wherein a!~a 7 correspond to spreading codes correspond to said different spreading fac- 
said different spreading factors and are not greater than 4, 8, 25 tors and are not greater than 4, 8, 16, 32, 64, 128, and 256, 
16, 32, 64, 128, and 256, respectively. respectively. 

7. The system of claim 5, wherein a weight W(C) of said 15. The method of claim 12, wherein said assigning step 
codeword is determined as follows: comprises assigning spreading codes to provide a resulting 

w^^^^t^^^ SyStCm codewo "j ^ a c °? e assignment, that supports a 

5 0 7 30 maximum number of possible combination of data rates. 

8. The system of claim 1, wherein said means for assign- 16- The method of claim 12, wherein said determining 
ing assigns spreading codes to provide a resulting system step selects an optimal codeword from a set of equivalent 
codeword after a code assignment, that supports a maximum codewords each having said weight. 

number of possible combination of data rates. 17. A code assigning method for use in a spread spectrum 

9. A code assigning system for use in a spread spectrum communication network, said method comprising the steps 
communication network, said code assigning system com- 35 of: 

prising: establishing a system codeword to represent spreading 

means for establishing a system codeword representing codes for different spreading factors for use in said 

available spreading codes for different spreading fac- spread spectrum communication system; 

tors for use in said spread spectrum communication 4Q determining an optimal codeword based on a weight and 

system; sa j d system codeword, wherein said weight relates to a 

means for determining an optimal codeword based on a desired communication data rate requested of said 

weight and said system codeword, wherein said weight communication network; 

relates to a desired communication data rate requested generating an alternative optimal codeword selected from 

of said communication network; 45 a set 0 f good codewords which includes said optimal 

means for generating an alternative optimal codeword codeword determined in said determining step; and 

selected from a set of good codewords which includes assigning spreading codes based on said alternative code- 

said optimal codeword determined by said means for word. 

determining; and 18 The metnod of claim 1?> whefem ^ determiaing 

means for assigning spreading codes based on said alter- 50 step is calculated as follows: 
native optimal codeword. 

10. The apparatus of claim 9, wherein said optimal c O prC r -(c r -(0,0,0A0,0^)) 
codeword is determined as follows: 

where C opt represents said optimal codeword, 

55 n represents said weight, and 

where C^ f represents said optimal codeword, Cf represents said system codeword at time L 

n represents said weight, and 19 ^ method of daim 17 wherein leQgths of ^ 

C, represents said system codeword at time t. spreading codes correspond to said different spreading fac- 

11. The system of claim 9, wherein lengths of said tors and are not greater than 4, 8, 16, 32, 64, 128, and 256, 
spreading codes correspond to said different spreading fac- 60 respectively. 

tors and are not greater than 4, 8, 16, 32, 64, 128, and 256, 

respectively. * * * * + 



^^,-(£,-(0,0,0,0,0,0,*)) 
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